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Abstract :  
 
The vibro-acoustic comfort in a vehicle compartment is more and more demanding so that great 
efforts are made to optimize the design of the vehicle which gives a better dynamic performance and a 
lower noise level. However, industrial systems are often of large scale and very complex to analyze. 
Component modal synthesis appears to be a good choice for analyzing big systems. It assembles the 
whole system by using the selected modal information of subsystems in the frequency range of interest. 
In the vehicle compartment, a major source of vibro-acoustic discomfort is the booming noise, which 
is from 30Hz to 200Hz. Modal synthesis concept is firstly introduced by Hurty in 1960s. Various 
modal synthesis techniques are developed after that and these techniques are distinguished by their 
transformation basis which projects the physical space onto the modal space. The reduction technique 
developed by Craig and Bampton which condenses mode information on the interface is widely 
employed, yet this technique appears to be prohibitive for large-size industrial systems with enormous 
interface degrees of freedoms (DOFs). Double modal synthesis deduced by Jezequel overcomes this 
shortcoming by reducing the interface DOFs with branch modes. In this work, we extend the triple 
modal synthesis proposed by Besset and Jezequel to analyze the coupled fluid-structure system 
integrated with connection interfaces between substructures. 
To optimize the dynamic behavior of vehicle systems, many design variables are involved, different 
objectives functions corresponding to different industrial requirements are at choice and various 
excitation sources exist. Herein, for the convenience of explanation, suppose a system is partitioned 
into four parts, substructure 1 (S1) combined by Kirchhoff plates, substructure 2 (S2) combined by 
Kirchhoff plates, a viscoelastic interface layer which connects S1 and S2, and a cavity surrounded by 
S1 and S2. Compared to plates, interface elements are supposed to be more elastic and mass 
negligible, thus modeled by spring elements. Elasto-acoustic coupling is used to model the coupled 
fluid-structure system. A harmonic point loading on S1 is considered as excitation source. The 
geometry characteristics of the viscoelastic interface layer are adopted as design variables and the 
geometry design constraints are to be respected. The dB level from 30 Hz to 200 Hz in the points of 
interest are defined as objective functions.  
Once the finite element model is constructed by Structural Dynamic Toolbox, the reduce basis is 
obtained by applying the following steps: Firstly the acoustic modes are used to describe the behavior 
of air in the cavity. Secondly constraint modes corresponding to constraint excitation set are employed 
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to represent deformation caused by excitation set and interface set. Thirdly with the branch modes, the 
physical DOFs of the interface are projected on modal DOFs which reduce the size of the interface 
DOFs since generally they present a large amount of DOFs. Finally, fixed interface normal modes for 
S1 and S2 are obtained by solving eigenvalue problem of the fixed interface problem of substructures 
by constraining excitation set and interface set. Forced responses in structural and fluid domain can 
be obtained by solving the reduced motion equation. In order to reduce the noise level in the cavity, 
the coincidence of natural frequencies of constraint modes, branch modes, fixed interface modes and 
acoustic modes should be avoided. Geometry parameters are regulated to shift the branch modes 
frequency so as to evite the coincidence with others. A direct optimization of pressure variations in the 
interested points in the cavity for the interested frequency range is carried out in respect to geometry 
characteristics of the interface.  
Furthermore, based on the explicit formulation of reduced motion equation, effective modal 
parameters depending on transmissibility and flexibility matrix are derived. These effective 
parameters characterize vibration transmission between substructures in the system and can thus 
provide a physical explanation of the sound pressure in the cavity. The effective modal parameter is 
composed by two parts: the non dimensional dynamic amplification which depends only on the 
excitation frequency and the naturel frequency; the participation factor which is the same dimension 
as the effective modal parameter and Independent on frequency. Responsible modes and responsible 
vibration transmission paths for the sound pressure can thus be identified from a modal overview. 
These effective modal parameters are interpolated with a Gaussian correlation function and zero 
order polynomial regression function to accelerate optimization process. The surrogate mathematical 
models are defined as objective functions. A non-domination based genetic algorithm is employed to 
obtain the Pareto Front of these effective modal parameters in respect to geometry parameters of the 
interface. 
This work presents a new strategy of minimizing noise level in the vehicle compartment by optimizing 
interface characteristics in the system and provides a modal overview of the noise transmission from 
the excitation source to the receiving points in the cavity to help understand the physical mechanism 
of the forced response.  
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